Background: The lateral center-edge angle (LCEA) is an important measurement in understanding acetabular morphology and has had multiple interpretations. Misunderstanding of the LCEA and its relationship with acetabular 3-dimensional (3D) morphology may result in misdiagnosis and poor outcomes.
Hip preservation is evolving as a subspecialty within orthopaedics. With the improved understanding of the pathomorphology of structural hip disease, there has been increasing investigation into radiographic measures of the acetabulum and proximal femur. Wiberg 19 originally described the lateral center-edge angle (LCEA) and first reported its importance in the development of osteoarthritis (OA). Further natural history studies have confirmed the increased risk for the dysplastic hip to undergo degenerative change over a patient's lifetime. 1, 11, 18 Hip dysplasia is generally defined as an LCEA of less than 20
, with borderline dysplasia defined as an LCEA between 20 and 25 . 8, 19 On the other end of the spectrum, pincer-type femoroacetabular impingement (FAI) is a term used for acetabular overcoverage and has been defined as an LCEA greater than 40 .
8,14 Wiberg 19 originally described the LCEA as the lateral aspect of the bony support for the femoral head, or the sourcil. Others have interpreted this as the most lateral aspect of the bone of the acetabulum, or the bony edge.
Hanson et al 7 and Anderson et al 2 reported that depending on which way the lateral aspect of the acetabulum was measured, there are significant differences in the LCEA that could lead to differences in diagnosis and treatment. Recently, Chadayammuri et al 4 reported that computed tomography (CT) measurements of the LCEA were consistently greater than radiographic measures. In their study, the LCEA on CT was measured through the center of the femoral head, or at the 12 o'clock position of the clockface of the hip. 4 In this study, we correlated standing anteroposterior (AP) pelvic radiographs to supine CT imaging to understand the morphologic origins of the discrepancies in bone-edge and sourcil-edge LCEA measurements on radiographs of adult patients with anteverted acetabula undergoing hip preservation procedures. The study purposes were (1) to determine the discrepancy between bone-edge and sourcil-edge LCEA measurements on anteroposterior (AP) radiographs and (2) to determine the anatomic location of the sourcil-edge and bone-edge LCEA measurements on the acetabulum using CT imaging. We hypothesized that the sourcil-edge LCEA would correspond to the anterosuperior aspect of the acetabulum, while the bone-edge LCEA would correspond to the superolateral aspect of the acetabulum.
METHODS
This is a retrospective review of adult patients (>18 years) undergoing CT imaging who were evaluated for symptomatic hip pain and suspected hip pathomorphology between March 2013 and February 2015. Patients with acetabular retroversion (based on version angles <0 at the 1 o'clock position as measured on CT axial slices) 17 were excluded from the study (n ¼ 3). For patients with bilateral symptoms (n ¼ 4), 1 hip was randomly selected. A total of 60 hips from 60 patients (35.0 ± 9.3 years, 42 females) were included in the final analysis. This study was approved by our institutional review board.
Standing AP radiographs and supine CT imaging of all patients were obtained as part of the routine clinical evaluation. Radiographs were obtained as previously described, and proper pelvic rotation was ensured on all images by assuring that the coccyx was in line with the pubic symphysis. 5 Digitally reconstructed radiographs (DRRs) representing supine radiographs were generated from the CT data in Amira (version 5.6.0; Visage Imaging). These AP DRRs exactly matched the pelvic positioning (tilt, obliquity, and rotation) of each patient in the CT scanner.
The LCEA was measured on both the standing AP radiographs and the AP DRRs in OsiriX (Pixmeo). A vertical reference line was identified perpendicular to a line connecting the distal borders of the pelvic teardrops and the affected femoral head was fit to a best-fit circle ( Figure 1A ). The center of the circle served as the vertex of the angle formed by the vertical reference line and the line extending to either the edge of the sclerotic sourcil ("sourcil LCEA") or the edge of the bone ("bone LCEA") ( Figure 1B ). Both LCEA measurements were interpreted as follows: <20
¼ dysplastic, !20 and 25 ¼ borderline dysplastic, >25 and 40 ¼ normal, and >40 ¼ overcovered. 8, 14, 19 The LCEA was then measured in a similar fashion on each coronal CT slice between a vertical reference line (defined using the teardrop landmarks on the scout CT image) and the lateral border of the acetabular cortical bone in PACS (picture archiving and communication system; IntelliSpace PACS Enterprise; Philips North America) ( Figure 2 ). The maximum bone-edge LCEA and the coronal slice it originated from were recorded ( Figure 2A ). Since there is no direct measurement analogous to the sourciledge LCEA on CT, the coronal slice producing an LCEA measurement with a magnitude closest to the sourcil-edge measurement from the DRR of the same hip was identified ( Figure 2B ).
These coronal slices were projected onto a midacetabular sagittal image to describe the AP location of the bone and sourcil LCEAs relative to the 3-dimensional (3D) acetabular geometry from CT. A clockface was defined on the sagittal image originating at the center of a best-fit circle to the femoral head. 12:00 represented superior and 3:00 represented anterior in both left and right hips ( Figure  3 ). The intersection of the line representing the selected coronal slice and the articulating surface of the acetabulum was identified. The location of this point relative to the clockface was recorded to define the AP locations of the coronal slices producing the maximum bone LCEA and equivalent sourcil LCEA ( Figure 3) .
The senior author (T.G.M.), an orthopaedic surgeon with 10 years of experience and fellowship training in sports medicine and hip arthroscopy, completed the radiographic measurements on all patients. The first author, an orthopaedic fellow specifically trained in hip arthroscopy and hip/pelvis radiographic interpretation, independently repeated the measurements in a randomly selected subset of 20 hips to assess interobserver repeatability. The intraclass correlation coefficient was calculated and interpreted as follows: minimal ¼ <0.2, poor ¼ 0.2 to < 0.4, moderate ¼ 0.4 to <0.6, strong ¼ 0.6 to 0.8, and excellent ¼ >0.8.
12
Paired t tests were used to identify possible differences in magnitude and clockface locations of the bone and sourcil LCEAs. For analysis, 1 o'clock to 6 o'clock was coded to military time (ie, 13:00-18:00) to better represent the proximity of 12 o'clock to 1 o'clock and considered an interval scale variable. Bland-Altman limits of agreement 3 were calculated for the differences between (1) bone LCEA and sourcil LCEA on AP DRRs and (2) bone LCEA on AP DRRs and maximum bone LCEA on CT, as well as the difference between measurements on AP radiographs and AP DRRs. All statistical analyses were completed using Stata/IC 14.0 (StataCorp LP).
RESULTS

Differences Between LCEA Measurement Methods
In comparing the standing AP pelvis radiographs with the AP DRRs, there was no difference in measurement of bone LCEA (mean difference, À0.1 ; 95% limit of agreement, À2.7 to 2.4 ) or sourcil LCEA (mean difference, 0.3 ; 95% limit of agreement, À2.2 to 2.7 ). On the AP DRRs, the bone LCEA was on average 4.7 (95% limits of agreement, À4.0 to 13.3 ) greater than the sourcil LCEA (P < .001). The difference in these angles would result in a different diagnosis category for 26 of 60 (43%) hips (eg, normal to borderline dysplastic or borderline dysplastic to dysplastic) ( Table 1) . There was minimal difference between the maximum bone LCEA on CT and the bone LCEA on DRR (0.7 ; 95% limits of agreement, À2.0 to 3.4 ).
Correlations Between LCEA Measurements and Acetabular Location on CT Imaging
On CT, sagittal clockface location of the sourcil-edge LCEA was more anterior compared with the sagittal clockface location of the maximum bone LCEA (1:03 ± 0:42 versus 12:06 ± 0:30, respectively; P < .001). In hips with a difference >5 (n ¼ 21) between bone and sourcil LCEA measurements on DRR, the sagittal clockface location of the sourcil LCEA was significantly more anterior (1:26 ± 0:35) than the sagittal clockface location of the bone LCEA (11:46 ± 0:29; P < .001) (Figure 3 ). This significant difference was similar in location but less pronounced in hips with a difference 5 (n ¼ 39): The sourcil LCEA occurred at 12:50 ± 0:40 while the bone LCEA at 12:00 ± 0:11 (P < .001). Interobserver repeatability was excellent for all LCEA and clockface location measurements (all ICCs >0.82; Table 2 ).
DISCUSSION
The most important findings from this study are that sourciledge and bone-edge LCEA measurements consistently of difference between sourcil-edge and bone-edge measurements is depicted in blue, while the bone lateral center-edge angle is depicted in red. ) and boneedge lateral center-edge angle (red, 42
). ) that correlated to the bone-edge lateral center-edge angle.
correspond to specific but different anatomic areas on the anteverted acetabulum. The sourcil-edge LCEA measurement corresponds to the anterosuperior aspect of the acetabulum (approximately the 1 to 1:30 area of the clockface), while the bone-edge LCEA measurement corresponds to the lateral/superior aspect of the acetabulum (approximately the 12:00 area of the clockface). Additionally, when the LCEA is measured on the coronal CT scan at the midsagittal plane of the femoral head, this typically corresponds to the 12:00 area of the clockface, and thus, the bone-edge LCEA on the plain AP radiograph. This anatomic difference can be important when considering or planning surgical acetabuloplasty or periacetabular osteotomy to address overcoverage or dysplasia, respectively.
There are limitations to this study. This is a retrospective review of patients who had radiographs and corresponding CT scans of the hip and has the inherent bias of a retrospective study design. All patients had symptomatic hip pain. This represents a selection bias as only symptomatic hips were included in the study. The sample size is relatively small; however, we found clear significant associations despite the sample size. We excluded patients with retroverted acetabula, and therefore, the findings of this study are only applicable to patients with anteverted acetabula. Further studies are warranted to understand the relationship of these measures in retroverted acetabula. In addition, assessing acetabular morphology is complex and requires multiple radiographic images and measurements for comprehensive evaluation. 16 This study focuses on only 1 of these measures (LCEA), which should not be used in isolation as the only measure of acetabular morphology.
Since Wiberg
19 described the LCEA, many studies have used this as a measure of acetabular morphology. However, there has been some controversy over measuring it to the edge of the sourcil versus measuring it to the bone edge. 2, 7, 9 In the literature, some articles report the bone edge, 6, 10 while others report the sourcil edge, 2,5,13 with both groups claiming to report the LCEA. Hanson et al 7 recently quantified the difference between the 2 measures in a cohort of patients undergoing hip preservation surgery with the bone LCEA being 4 greater than the sourcil LCEA. Similar to previous findings, the LCEA measure at the bone edge was larger than that at the edge of the sourcil. 2, 7 This difference was greater than 5 in 21 of 60 (35%) patients. In addition, we compared these measurements from supine DRR AP images to standing AP pelvis radiographs to evaluate the effect of pelvic tilt. There was almost no difference between these measures comparing the supine and standing films, similar to recent reports. 15 With the increasing use of 3D imaging of the hip, LCEA measurements are greater on CT when measured at the midsagittal plane of the femoral head compared with radiographs. 4 Our data suggest that this increased LCEA on CT scans is likely accurate but represents the bone-edge LCEA on the AP pelvis and thus is typically greater than the sourcil-edge LCEA. This relationship correlates with the recent findings of Chadayammuri et al, 4 who measured CT LCEA at the midsagittal line of the femoral head (or at 12:00 on the clockface) and reported that the LCEA on CT was greater than on AP radiographs. Conversely, the sourcil LCEA measurement is located more anterior (approximately 1:00-1:30 on the clockface).
Combined with previous findings, this study helps us understand the discrepancy between LCEA measured on radiographs and CT scans. 4 Differences in LCEA measures, whether on radiographs or CT, have implications in the diagnosis and treatment of the young adult hip. A difference of 5 on the LCEA at the lower end of values could result in a clinician deciding to do a periacetabular osteotomy or at the higher end of values could determine whether the patient has a pincer FAI lesion that can be treated with acetabuloplasty. Knowing where these measures correspond to on the clockface of the acetabulum can also help to guide the surgeon intraoperatively to understand the optimal location to perform an acetabuloplasty using fluoroscopy. This decision-making process is particularly germane to patients with significant acetabular anteversion in which there is a large individual difference between the bone LCEA and sourcil LCEA. In these patients, acetabular resection at the anterosuperior zone of the acetabulum may result in iatrogenic dysplasia due to a preoperative misunderstanding of these bony radiographic landmarks in 3 dimensions (Figure 4) .
In the setting of periacetabular osteotomy, the bone-edge LCEA may help guide lateral coverage while the sourciledge LCEA may help guide anterolateral coverage, although further study would be needed to understand how these measures correlate with fluoroscopic imaging intraoperatively. Our data suggest that there is little difference between the bone-edge and sourcil-edge measurements on standing AP radiographs and supine CT DRR AP pelvis images. Therefore, supine fluoroscopic images should be useful in guiding corrections in both lateral and anterosuperior position of the acetabular rim that will translate to standing pelvic position. Nevertheless, this theory deserves further study.
In conclusion, the sourcil-edge LCEA represents anterosuperior acetabular coverage, while the bone-edge LCEA represents superior/lateral coverage. While the classic measurement of acetabular coverage is the sourcil-edge LCEA, this study suggests that these measures give complementary information for the hip surgeon in evaluating and treating hip pain in the young adult. This information can be used in preoperative evaluation, perioperative planning, and intraoperative decision-making in hip preservation. 
